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ẏx,s(t) = f(yx,s(t), a(t)) ∀t ∈ [s, T ]




, ∀t ∈ [s, T ],







ϕ : IRn → IR ∪ {+∞}
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f : IRn ×A → IRn
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o¨~SepU@o¨g+?}j<St4l@j<fY®ª
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v : [0, T ]× IRn → IR∪{+∞}
SY^gpU<Y^"}v l@Y\¡£l@j<gio¨t4jfY/;<j@YBdc
v(s, x) = inf(Ps,x). @ tnYCYCnpc
s ∈ [0, T ]
}vj<
x /∈ K, v(s, x) = +∞
}vjS¡£t4n
x ∈ K, v(T, x) = ϕ(x).6õg+oreV°dj@t"kjgpU<}vgkgpU@Y	"}v l@Yy¡£l@j<gpo tj
v
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v(s, x) = inf
a(.)∈A(s,τ ;x)
v(τ, yx,s(τ)), ∀τ ∈]s, T ], ∀x ∈ K,
9 K:
kU<YniY
A(s, τ ; x) := {a : [0, +∞[→ A
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{
−vt(t, x) − min
a∈A
f(x, a).vx(t, x) = 0, (t, x) ∈ [0, T ]×K,

















IRn, C ⊂ K
}vj<
K 6= IRn.
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f : IR → IR
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ut(t, x) + f(x)ux(t, x) = 0, x ∈ IR, t ≥ 0,
u(0, x) = u0(x), x ∈ IR.
9 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= Unj , U
n,R
j+ 12
= Unj+1.9  :o¨¡
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|νj | ≤ 1 ∀j ∈ Z ,
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∃k0 ∈ [0, 1[
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(∆x1, ∆x2),
gpU@YYC¨tfo¨ghc
f = (f1, f2).
 Y Y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|) ≤ 1, ∀(j, k) ∈ Z 2.
9 ":
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v̂t(t, x) − min
a∈A
f(x, a).v̂x(t, x) = 0, ∀(t, x) ∈ [0, T ]×K,
v̂(0, x) = ϕ(x), ∀x ∈ K.
9 :
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ϕ(x)dx, ∀j ∈ J := {j ∈ Z , Mj ∈ G}.
 aLgpYC~«Z7  Yfo einiYgio0?CYygpU@YepYgktv¡Qt4jLgpnitre A o j4git Na t4j4ginpt4 eC¬ a1, a2, ..., aNa .
 aLgpYC~ 1 7 @ t4n n ≥ 1, °dj@t"ko j@'gpU@Y}~@~@nit=do X}"gio¨t4j (V nj )j∈J
t¡
v̂(tn, .)
















Unj (ai) = V
n
j , ∀j ∈ J.
  Y8gi}°Y V n+1j := min
i=1..Na
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|) ≤ 1, ∀j ∈ J, ∀i = 1, .., Na.


























 Y4o¨4Yyj<t"JgiU@Y}¨4tniogiU@X t¡giU@YX6YgiU@tf*kU@orU©SYCo j<e+dc}j©o¨j<ogio }¨o ?C}vgpo tj©ehgiY~Dª @ o niegC¬YU<}vjSf¨YniY;<j<YX6YjLg+ehgiY~<e+o¨jtnfYngit¨tf}¨o ?Y^gpU<Yfo eit4jLgpo jLl<oghc4ª  g+YCYCnpcniY;<j<YX6YjLgk¨YCYC/¬
}YC¨kU@orU«o eyepl@npnitl<j<fYC*dc©YC¨re^j@tvgyU<}Ádo¨j@BgpU@Y6ep}X6YX6YC}j«"}v l@Yore\niY;Sj@YC®ª  ¡ giYnygpU@YeY
niY;Sj@YX6YjLgegpY~Se¬gpU@Y4nporØY6t@gi}vo j X}Ác t4j4g}vo j eporehgiYnY  eU<}Ádo j@gpU@YBei}vX6Y6X6YC}j "}¨l@Y






 D ²  ²  ¶
	 C  ¶
	 ¶  ² /·
G0
ª
 aLgpYC~ ª 7(T}°Y G0,0 = K 9 t4j@YyY :¬<}vjSfY/;<j@Y G0,1 }4eØgpU@Y	ft4X6}o¨j K ep~@ ogpgpYCo jLgpt'¡£tl@nYC¨reª­afYg
l = 1
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}vj<t8gptBaLgiY~ ª 1 ª
 aLgpYC~ ª 1 7PadYg G̃0,Lmax = G0,Lmax ª
 aLgpYC~I4ª ^ 7 @ tn l = Lmax, · · · , 2 ¬S¡£tn\YCYCnpc*YC¨ Mj ∈ G̃0,l ∩ Gl ¬So¨¡PgpU<Y'epo egpYCnie\tv¡ Mj U<}Á4YgpU@Y'ep}X8YX6YC}j"}¨l@Y 9 6tn	:Ø}j<o¡gpU<Y	j@Yo Ud>tnio¨j@Y  eVt¡giU@Y¡£tl@n^eorehgiYneU<}ÁY	}vrept
gpU@Y+ei}vX6YV"}v l@Y¬gpU@YCjt4}niepYj
Mj




l = l − 1
¬f}j<t8gptBaLgiY~ ª ^ ª z\giU@YnikoreY4¬@eYg
l = 1
¬@}j<t8gptBaLgiY~ ªÆfª
 aLgpYC~ ªÆZ7PadYg G0 := G̃0,1 }vjSfY/;<j@Y V 0 tj G0 ª
@ tnØY=@}vX6~@ Y¬4gpU@Yyt4j<ehginplSgpo tjt¡®gpU@Yy}@}~fgpYnior G0 ¡£t ¨t"+ePgpU@Y^npY/;<j@YCX8YCjLgegpY~Se­Y/=d~<¨oro¨gpYo j;<l<npY 1 ªÆ¡£tn
Lmax = 3.
TVU@Y"}v l@Y6¡£l@j<gpo tj&U@YCnpY8g}v°Ye"}v l@Y*SYC¨t"gpU@Y@o eit4j4gio¨jdl@o¨ghc
}j<Á}¨l<YB>Yc4tj<Dª  g	gpU@YBepYCtj<¨YCYCQtv¡ØniY;Sj@YX6YjLg¬YC¨ore	niY;<j<YC }eo¨gie	X6YC}j"}¨l@Y
ore+o j
]0, 1[.
{ØY  ey@¬¬ 1 }npY	niY;<j<YC*gitLtSY}vlSeY	giU@Yo nyÁ}¨l<Y'Bfo0a:Ynek¡£nitX gpU@Y'"}v l@Ytv¡QgiU@Yo n
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 aLgpYC~«fª 7Qx\Y/;<j@Y Gn+1,0 := Gn ¬<}j< V n+1,0 := V n+1 tj Gn ª
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 aLgpYC~«fª 1 7PadYg G̃n+1,Lmax := Gn+1,Lmax }j< Ṽ n+1,Lmax := V n+1,Lmax .
 aLgpYC~fª ^ 7 @ tn l = Lmax, · · · , 2 ¬>ftB}BtneYCj@o¨j<6egpYC~*¡£t ¨t"ko j@8gpU<Y'ei}vX6Y	o @YC}}e+o¨j aLgiY~ª ^ ª 6õ¡gpU@YCnpY	oreVj@ttL}vneYCj@o¨j<git6@t<¬fgiU@Yj©epYg
l = 1
¬S}vj<t8gptBaLgiY~«fªÆ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c1 = (0.4, 0.4)
}vj<



















v̂t(t, x) + ||∇v̂(t, x)|| + (−x2, x1)t.∇v̂(t, x) = 0, ∀t ∈ [0, T ], ∀x = (x1, x2) ∈ K,
v̂(0, x) = ϕ(x), ∀x ∈ K.








{x ∈ K, v̂(t, x) = 0}
npYC~@npYeYCjLgieØgpU@Y	<l@npjLg$?Ctj@Y	}"gVgio¨X6Y
t. giU@tl<U&giU@o e'~@nit@ YX tX6YCe¡£npt4X ¡£nitjLg~<npt4~<}vL}"gpo tj¬o¨g'g}v°4YCe~< }4YBo j¢giU@YB¡£t4npX}v oreXØY
egplSfcª*6Ïj<@YYCD¬fgpU@Y  ­o¨°4tj<}>YqLl<}"gio¨t4j 9  ^ :VC}vjSY	knio¨ggpYCj©}eV}vj©¤\¥L¦ Yq4lS}"gpo tj 7
{
v̂t(t, x) − mina∈A f(x, a).∇v̂(t, x) = 0, ∀t ∈ [0, T ], ∀x ∈ K,
v̂(0, x) = ϕ(x), ∀x ∈ K,
kU<YniY^giU@YepYgktv¡Qt4j4ginpt4 eore
A = [0, 2π],
}j<gpU@Yfcdj<}X6o CeVo eV4o¨4YjLc-7
f(x, a) = (x2 − cos(a),−x1 − sin(a))
t, ∀x ∈ IR2, ∀a ∈ A.
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:VYninpt4n
(εnj )j∈J
@ o¨4l@niY 1 7Ø{ØtX6~@lfgiYCet4¨l@gpo tj*}vj<YninitnV}"g\T   @ª 4¬  YC¨re    ^^ ¬ Lmax = 6 ª






















9 },:VtX6~@l@gpYCept lfgpo tj 9  :Yninpt4n
(εnj )j∈J
@ o¨4l@niY ^ 7Ø{ØtX6~@lfgiYCet4¨l@gpo tj*}vj<YninitnV}"g\T   @ª QLf¬  YC¨re   Q<Áf¬ Lmax = 6 ª
 Yforep~@ }Ác n}v~<U@o Ce}vg
T = 0.11
9 ;<l<npY 1 :kU@YCj gpU<Y«ght&¡£npt4jLgieBX6YCYgC¬^}vj< giU@YjJ}"g
T = 0.87











1 YCnpnitn   YC¨re 4}vo j
}4@}v~fg ` Q@ª Q    1  ^^ 8`<ªÆQ
npYC ` Q@ª Q    1 ^ Kb` 
}4@}v~fg  fª `L   1  ^  b<ª bL
npYC  fª `L   1 8` 1 Q ^ 
}4@}v~fg Q ^    1 Q b<ª¨ ^
npYC Q ^    1 `44 1 ` 
}4@}v~fg b 1    1 8b 1 b  1 @ª¨"b4
npYC b 1    1 `4@ ^K^ 
}4@}v~fg C fª ^ `   1 1 b ^  `K`@ª  ^
npYC C  C ^ Q4L` 
T}v@ Y67,}vo jnpYC }vgpo Yygpt6YC}4UniY;Sj@YX6YjLgk YYCD}"g\T   <ª¨4ª
T}v@ Y8^epl@X6X8YCnpo ?YePgiU@Yy4}vo jY^t4fgi}o¨jBo jBgiYniXe­t¡jdl@X>Yntv¡Y  ekU@YCjBØY}v~<~@¨c}4@}v~ 





ªPTVU<o e­npY  <YCgieØt~fgio¨X6o ?C}"gio¨t4jo¨jBgpU@YyX}vj<}YX6YCj4gØtv¡YC¨reCª  YyC}vjB} eptj@tgporY^}vg
T = 0.11giU<}"gkU<Yj ØY;=
Lmax = 10
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U<}ÁY'SYggpYCn	~@niYCorepo¨t4j«tj }niY4l@ }n^4nporc7kgiU@orenpY  <YCgie^gpU@Y
L}vo jt¡~@niYCo epo tj*}U@o Y4YCBdcgiU@Y	l<epY	tv¡gpU@Y}4@}v~fg}"gio¨4Yy}¨4tniogiU@X*ª
@ tnVgiU@YX6tX6YjLg+Y	U<}ÁYt4j@¨ct4X8~S}vn}v@ Y	{ØsØ[ gpo X6YCek¡£t4nkStgpU©X6YgiU@tf@eC¬fgpU@YnpY}eptjo eVgiU<}"ggiU@Y~<npt4n}vX ¡£t4n\U<}j<f o¨j@}vj«}<}v~fg}"gpo Y	X6YeU@o j@Bore^j@tvg\t4~fgpo X6o0?CYC®¬>kU@o ¨Y8}vj©t4~fgpo X6o0?CYC*YCn 
epo tjore­l<epYCB¡£tn­gpU@YynpYCl@r}vn­X8YeUtX6~@l@gi}"gio¨t4jDª 6ÏX6~@npt"4YX6YjLg­t¡®gpU@Yy}@}~fgi}vgpo Y\tX6~@lfg}"gio¨t4j
oreVo j~<npt4niYCeieª
     ²    C}v~fgil@npY<}4eo j*~@nit@ YX 9 >YniX6Y t'~<npt4@¨YCX :
Yg
K := [−6, 2] × [−2, 2]
}j<
C := B(c0, r)
ko¨gpU





f : IR2 ×A → IR2,













(a, θ) ∈ L∞([0, +∞[;A)
}vjSB} ;Sj@ogiY\gio¨X6Y














f (C) := {x ∈ K, ∃t ≥ 0, ∃(a, θ) ∈ L
∞(IR+;A), yx,0(τ) ∈ K ∀τ ∈ [0, t], yx,0(t) ∈ C}.
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f (T, C) := {x ∈ K, ∃t ∈ [0, T ], ∃(a, θ) ∈ L






































ẏx,s(t) = λ(t)f(yx,s(t), a(t), θ(t)), yx,s(s) = x,
(a(t), θ(t)) ∈ A & λ(t) ∈ Λ(yx,s(t))
¡£tn+}<ª Y4ª
t ∈ (0, T ),
yx,s(t) ∈ K ∀t ∈ [0, T ].
 Y8l<eY'gpU<Y8 }4epepo C}vU<}vj@4Yt¡PÁ}npor}v<¨YK7




f (T, C) = {x ∈ K, vT (0, x) = 0} = {x ∈ K, v̂(T, x) = 0}.
























Lmax = 69 ;<l<npY 9 }K:+:}vj<
Lmax = 7
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  Y  e L}vo j ehgit~@~@o j@8gpo X6Y
||V n − V n−1||L1}<}v~fg   1  ^ ª ^  `@ª 4 1 ª Qb   h
npYC  4 ^  `@ª 4 1 ª Qb   h
}<}v~fg ` ^ Q Q@ªÆ` Áfª b` ª Q4   VQ
npYC ` ^ bK`  Áfª b` ª Q4   VQ
}<}v~fg  bL Áfª @ fª¨"QL fª 1 Q   Ï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f(x, a) = (x1 − x2, a), ∀x ∈ IR















(K) := {x ∈ K, ∃a ∈ L∞(IR+;A), yx,0(t) ∈ K ∀t ≥ 0}.
 YfY/;<j@Y}vrept
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v̂(t, x) = vT (T − t, x)
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H(x, p) = −min
a∈A
f(x, a).p, ∀(x, p) ∈ K × IRn.
 ² 4@ ² µ  ²	
K = IRn 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−vt(t, x) + H(x, vx(t, x)) = 0, (t, x) ∈]0, T [×K,
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−φt(t0, x0) + H(x0, φx(t0, x0)) ≤ 0.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[0, T ] × K
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−φt(t0, x0) + H(x0, φx(t0, x0)) ≥ 0.
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u(t, x) − u(t0, x0) − p.(t − t0, x − x0)










u(t, x) − u(t0, x0) − p.(t − t0, x − x0)
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∀(t, x) ∈]0, T [×K, ∀(pt, px) ∈ D
+u(t, x), −pt + H(x, px) ≤ 0.
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∀(t, x) ∈]0, T [×K, ∀(pt, px) ∈ D












∀(t, x) ∈]0, T [×K, ∀(pt, px) ∈ D
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v∗(t, x) = lim inf(t′,x′)→(t,x)v(t
′, x′),
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lim inf(t′,x′)→(T,x)v∗(t
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]0, T [×K
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A(x) 6= ∅, ∀x ∈ ∂K,
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∀(t, x), u∗(t, x) = lim sup(t′,x′)→(t,x)u(t
′, x′),
∀(t, x), u∗(t, x) = lim inf(t′,x′)→(t,x)u(t
′, x′).
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Hin(x, p) = − min
a∈A(x)
f(x, a).p, ∀(x, p) ∈ K × IRn.
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−(u∗)t(t, x) + Hin(t, x, (u
∗)x(t, x)) ≤ 0 ∀(t, x) ∈]0, T [×K,

−(u∗)t(t, x) + H(x, (u∗)x(t, x)) ≥ 0 ∀(t, x) ∈]0, T [×K,
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∀x ∈ ∂K, ∃a ∈ A, f(x, a).η(x) > 0,
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v(tn, xn) = ϕ(x), ∀x ∈ K,
lim inf (tn,xn)→(0+,x)
xn∈K
v(tn, xn) = v(0, x), ∀x ∈ K,
−pt + H(x, px) ≥ 0, ∀(pt, px) ∈ D
−v(t, x), ∀(t, x) ∈]0, T [×∂K,
−pt + H(x, px) = 0, ∀(pt, px) ∈ D
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